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November 15,2012

Mr. Bruce Morrison, Project Manager
Waste Remediation and Permitting Branch
Air and Waste Management Division
United States Environmental Protection Agency - Region VII
11201 Renner Boulevard
Lenexa KS 66219

Re: HSWA Corrective Action Permit Number MOD 007 I 18 029
Draft Boiler House Mercury Investigation Report
AK Steel. Kansas City. Missouri

Dear Mr. Johnson:

AK Steel is submitting to the Environmental Protection Agency (EPA) and the Missouri Department of
Natural Resources (MDNR) the DraJt Boiler House Mercury Investigation Report, which was prepared
by Burns & McDonnell Engineering Company, Inc. (Burns & McDonnell) at our direction. This report
was developed to present the results of investigation activities conducted in accordance with the Quality
Asntrance Sampling and Analysis PIan for the Boiler House Mercury Investigation (BMcD, 2012).

CERTIFICATION:

I certiff under penalty of law that this document and all attachments were prepared under my
direction or supervision according to a system designed to assure that qualified personnel properly
gather and evaluate the information submitted. Based on my inquiry of the person or persons who
manage the system, or those persons directly responsible for gathering the information, the
information submitted is, to the best of rny knowledge and belief, tme, accurate, and complete. I am

aware that there are significant penalties for submitting false information, including the possibility of
fine and imprisonment for knorving violations.

This Report and Certification are submitted on behalf of AK Steel Corporation.

Very truly yoLrrs,

mes C. Levengood
Corporate Manager of Environmental Affairs

C. Kump-Mitchell - MDNR (l Copy)
B. Stuart - MDNR (2 Copies)
C. Batliner-AK Steel

S. L. Shelton - Burns & McDonnell
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1.0 INTRODUCTION

On February 2,2012, the United States Environmental Protection Agency (USEPA) National Response

Center (NRC) received an anonymous report of alleged historical mercury dumping associated with GS

Technologies Operating Company, Inc. (GST) operations in the l990sr. According to the NRC report, a

total of I25 to 300 pounds of surplus mercury was allegedly buried under the floor of a boiler room. A

copy of the NRC report is provided in Appendix A. The NRC report resulted in representatives of

USEPA visiting the AK Steel Kansas City Works (Facility) on February 3, February 17, andJlurre 8,2012

and being provided access to a former Boiler House and the former Ball Department Boiler Room (see

Appendix B). Based on the NRC Report and mercury vapor screening performed in the two areas,

USEPA requested that AK Steel submit a work plan for additional sampling of the former Boiler House

to veriff the results of the mercury vapor screening. In August 2012 the Final Quality Assurance

Sampling and Analysis Planfor the Boiler House Mercury Investigatior? (QA SAP) was submitted on

behalf of AK Steel by Burns & McDonnell Engineering Company, Inc. (Burns & McDonnell) in response

to USEPA's request.

1.1 PURPOSE AND SCOPE

This Boiler House Mercury Investigation Report presents the results of the surface material sampling

within the former Boiler House at the AK Steel Facility located in Kansas City, Missouri. Figure 1-1

provides a Facility Location Map, and Figure l-2 depicts the Facility layout.

These activities were performed to collect the data requested by the USEPA based on the June 8,2012

mercury vapor screening. Data collection activities included mercury vapor screening and

characteization of total mercury in surface materials within the former Boiler House. Sample collection

methodologies for surface materials, including sampling requirements for quality assurance (QA)/quality

control (QC) programs were summarized in the QA SAP (Burns & McDonnell,2012).

I Historically, the plant operations and property owned by Armco (currently AK Steel) totaled approximately 860

acres. GST purchased approximately 300 acres of property in 1993 and also leased approximately 100 acres. GST

operated on this property until they frled for bankruptcy in April 2001. The anonymous reporter alleged that the

mercury dumping occurred on property under the control of GST.

Boiler House Mercury Investigation Report.doc 1-l I I/t3/2012
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1.2 BACKGROUND

1.2.1 Facility Location

Figure l-1 presents a Facility Location Map. The Facility is located in northeast Kansas City, Missouri

within the Blue River and Missouri River floodplains. Portions of the Facility are located both east and

west of Interstate Highway 435 (I-435). Industrial activities were performed exclusively in the area west

of I-435, north of l2th Street, and east of Ewing Avenue. Figure l-2 depicts the Facility and presents

ownership and operational changes that have occurred since issuance of the Permit, and Figure 1-3

depicts the former Boiler House. The current address for the AK Steel Kansas City Facility is:

AK Steel
7000 Winner Road

Kansas Cifv. Missouri 64125

1.2.2 Facility History

The Facility history was previously described in Section 2.2.2 of the QA SAP (Burns & McDonnell,

2012).

1.2.3 Permit History

The permit history for the Facility was previously described in Section 2.2.3 of the QA SAP (Burns &

McDonnell, 2012).

1.2.4 Environmental Setting

The environmental setting for the Facility was previously described in Section 2 of the RFI Report

(BMWCI, 1999).

1.3 REPORTORGANIZATION

This Boiler House Mercury Investigation Report has been prepared by Burns & McDonnell and consists

of one volume. This document is organizedas follows:

o Section 1.0 - Introduction

o Section 2.0 - Introduction to the Data Presentation

o Section 3.0 - Surface Material Sampling at the Former Boiler House

o Section 4.0 - Summarv and Conclusions

o Section 5.0 - References

*.*{<{c{.
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INTRODUCTION TO THE DATA PRESENTATION

During the surface material investigation, samples were collected for chemical analyses based upon

verification field screening in accordance with the QA SAP. Section 3.0 presents the findings for the

field screening and sampling of surface materials in the former Boiler House. Fourteen surface material

samples (including one field duplicate) were collected and submitted for laboratory analysis of total

mercury.

General supporting information for the data and text provided in this Boiler House Mercury Investigation

Report is provided in the following Appendices:

. Appendix C - QA/QC Review of Analytical Data

. Appendix D - Field Logbook

. Appendix E - Analytical Laboratory Reports

2.1 DATA ANALYSIS

2.1.1 Quality Control Evaluation

Pace Analytical Services, Inc. oflenexa, Kansas (Pace) provided laboratory services for the surface

material sampling within the former Boiler House. Pace is certified as part of the National Environmental

Laboratory Accreditation Program (NELAP).

The laboratory datawere reviewed for achievement of QA/QC criteria. Field QC samples included a

field duplicate, matrix spike/matrix spike duplicate (MS/MSDs), and a temperature blank. Data quality

indicators (DQIs) that were evaluated include: precision, accuracy, representativeness, comparability,

and completeness. Data verification and validation were performed following procedures outlined in the

QA SAP. Data qualifiers, when appropriate, were added to the data in accordance with USEPA's

National Functional Guidelinesfor Inorganic Superfund Data Review (NFGD (USEPA,2010). A

description ofdata qualifiers assigned by the analytical laboratories and during data verification and

validation are provided in Appendix C.

Based upon the results of the data verification and validation, the data were considered valid to use in

reporting the results of the surface material sampling at the former Boiler House. As indicated in the

QA/QC Review of AnalyticalData (Appendix C), the objectives for precision, accrnacy,

representativeness, completeness, and comparability were met.

2.0

Boiler House Mercury Investigation Report.doc 2-l r 1/r3/2012
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2.1.2 Screening of Data

Screening levels are used to determine the nature and extent of contamination and may subsequently

serve as action levels for various activities. Surface material samples were analyzed for total mercury

using USEPA method SW-846 7471 (USEPA, 2008). Following analysis, surface material total mercury

results were screened using the USEPA Regional Screening Level Table (RSL) for industrial soil

(USEPA, 2012) for elemental mercury of 43 milligrams per kilogram (mg/kg). Since there is the

potential of mercury gauges previously present within the Boiler House to have been vandalized or

damaged, the USEPA RSL for elemental mercury was selected rather than the RSL for mercuric chloride

(and other mercury salts). The discussion in Section 3.0 includes a comparison of sample results to the

screening level. Constituents that exceed screening levels are highlighted in the data summary table.

2.2 DATA PRESENTATION

Analytical data arc presented in analytical results data tables and in text discussions. Figures are provided

to indicate mercury vapor screening results and surface material sampling locations within the former

Boiler House.

t,1.*t<t<
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3.0 SURFACE MATERIAL SAMPLING AT THE FORMER BOILER HOUSE

3.1 BACKGROUND AND SUMMARY OF PREVIOUS ACTIVITIES

On February 2,2012, the USEPA NRC received an anonymous report of alleged historical mercury

dumping associated with GST operations in the 1990s. According to the NRC report, a total of 125 to

300 pounds of surplus mercury was allegedly buried under the floor of a boiler room (see Appendix A).

The NRC report resulted in representatives of USEPA visiting the Facility on February 3 and February

I7,2012 to inspect former boiler areas, including the former Boiler House and Ball Department Boiler

Room (See Appendix B).

On June 8,2012, USEPA retumed to the Facility to conduct mercury vapor screening of the former Boiler

House and Ball Department Boiler Room using an Ohio Lumex Mercury Analyzer. Results for the two

areas were as follows:

o Boiler House - Background reading for mercury vapor collected from outside of the building

ranged from 30 to 38 nanograms per cubic meter (od-'). Mercury vapor readings were similar

to background in the area of disturbed soiVrubble inside the northwest part the building. Mercury

vapor readings greater than 2,000 nglm3 were noted between several concrete footings assumed to

be former equipment mounts along the south wall of the building. In this same area, mercury

vapor readings greater than 2,000 nglm3 were also noted adjacent to the intact boiler where

gauges appear to have been mounted. A shallow layer of soil, broken up building foundation

materials. and other debris were noted in this area.

o Ball Department Boiler Room - Background readings of mercury vapor in this area averaged 56

ndmt. None of the readings inside the Ball Department Boiler Room exceeded this value.

3.2 SCOPE OF ACTIVITIES COMPLETED

Field activities were conducted on September 26,2012. Field measurements of mercury vapor in ambient

air were recorded using the Ohio Lumex RA-915 monitor prior to sample collection. An initial set of
background reading measurements were collected from the parking area on the west side of the former

Boiler House (Figure l-3) and used for comparison to samples collected within the Boiler House.

Mercury vapor readings were recorded at various locations within the former Boiler House to identiff

surface material sample locations (Figure 3-l). According to the QA SAP, ten sample locations were

planned based upon mercury vapor reading results. However, the USEPA Project Manager was on-site

during field activities and requested additional sampling locations based upon the field screening results.

Boiler House Mercury Investigation Report.doc 3-l t 1/r3/2012
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Therefore, 13 surface material sample locations (Figure 3-2) were collected from within the Boiler House

at locations confirmed with the USEPA Project Manager. The sample collection sunmary is outlined on

Table 3-1. Surface material samples were collected from 0.0 to 0.5 feet below ground surface (ft bgs),

and consist of primarily erosional deposits and deteriorated anthropogenic surfbce materials. Mercury

vapor readings were also recorded at each sample location during sample collection (Table 3-2). Surface

material samples were collected and submitted to Pace for analysis of total mercury using USEPA

Method SW-846 7471. Field, QC samples included one field duplicate and one MS/MSD pair.

3.3 INVESTIGATION RESULTS

The initial mercury vapor readings that were recorded prior to determining surface material sample

locations are presented on Figure 3-1. The mercury vapor readings collected from the surface material in

the sample containers and analytical results for the surface material samples from within the former

Boiler House are presented on Table 3-2. Figure 3-3 presents the surface material sample locations and

associated off-site analytical results for total mercury. Mercury detections were screened against the

USEPA RSL for Industrial Soil for elemental mercury (43 mg/kg).

Total mercury was detected in all surface material samples ranging from 1.9 mg/kg to 275 mdkg.

Samples BHSM09/SS 0-0.5 (275 mdkg) and BHSMl2/SS 0-0.5 (83.6 mg/kg) exceeded the 43 me/ke

industrial soil screening level for elemental mercury. Pace diluted these samples by factors of 500 and

250, respectively, which could introduce uncertainty into the total mercury quantitation. Sample

BHSM09/SS 0-0.5 was located on the south side of the existing boiler, and Sample BHSM12/SS 0-0.5

was located near the bay opening along the south wall of the building. All other surface material sample

detections were below the industrial soil screening level for elemental mercury. When comparing

mercury vapor readings recorded at the sample location and from the sample jars to analytical results for

total mercurv. no correlation between the values can be drawn.

*{<*:t{<
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4.0 SUMMARY AND CONCLUSIONS

On February 2,2012, the USEPA NRC received an anonymous report of alleged historical mercury

dumping associated with GST operations in the 1990s2. According to the NRC report, a total of 125 to

300 pounds of surplus mercury was allegedly buried under the floor of a boiler room. The NRC report

resulted in representatives of USEPA visiting the Facility on February 3, February 17, and June 8, 2012

and being provided access to a former Boiler House and the former Ball Department Boiler Room. Based

on the NRC Report and mercury vapor screening performed in the two areas, USEPA requested that AK

Steel submit a work plan for additional sampling of the former Boiler House to verify the results of the

mercury vapor screening. In August 20l2the QA SAP was submitted that outlined investigation

activities, and a one-day sampling event was conducted on September 26,2012. The purpose of this

Boiler House Mercury Investigation Report is to present the mercury sampling results within the former

Boiler House at the AK Steel Facilitv located in Kansas Citv. Missouri.

Field measurements of mercury vapor in ambient air were recorded using the Ohio Lumex RA-915

monitor prior to surface material sample collection. Background readings were recorded outside the

Boiler House, and mercury vapor screening was performed throughout the building to identify potential

sampling locations (Figure 3-1). Based upon the field screening results and consultation with the

USEPA Project Manager who was on-site during sampling activities, surface material samples were

collected from l3 locations (Figure 3-2) using procedures outlined in the QA SAP.

Mercury vapor readings were recorded from each sample jar during sample collection (Table 3-2).

Surface material samples were submitted to Pace for analysis of total mercury using USEPA Method

SW-846 7471.The mercury vapor readings at surface material sample locations and the analytical results

for surface material sample results collected from within the former Boiler House are presented on Table

3-2. Figure 3-3 presents the surface material sample locations and associated off-site analytical results for

mercury. Sample results were screened against the USEPA RSL for Industrial Soil for elemental mercury

(43 mg/kg).

'Historically, the plant operations and property owned by Armco (cunently AK Steel) totaled approximately 860

acres. GST purchased approximately 300 acres ofproperty in 1993 and also leased approximately 100 acres. GST

operated on this property until they filed for bankruptcy in April 2001. The anonymous reporter alleged that the

mercury dumping occurred on property under the control of GST.

Boiler House Mercury Investigation Report.doc 4-l t r/13/20r2
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Total mercury was detected in all surface samples at concentrations ranging from 1 .9 mdkg to 27 5 mdkg

(Table 3-2). Samples from 11 of the 13 locations exhibited concentrations below the USEPA RSL.

Samples BHSMO9/SS 0-0.5 (275 mg/kg) and BHSMl2/SS 0-0.5 (83.6 mg/kg) exceeded the 43 mglkg

USEPA RSL for Industrial Soil for elemental mercury (a3 mg/kg). Sample BHSMO9/SS 0-0.5 was

located on the south side of the existing boiler, and Sample BHSM12/SS 0-0.5 was located near the bay

opening along the south wall of the building (Figure 3-3). There was no apparent correlation between the

mercury vapor screening results and the associated total mercury analysis for the samples. That is,

mercury vapor readings taken from sample jars that were orders of magnitude above background did not

necessarily correlate to elevated total mercury results in the off-site analysis of the surface material.

Due to the limited number of exceedances of the elemental mercury RSL and a lack of correlation

between the Ohio Lumex Meter mercury vapor field screening results and the total mercury results,

confirmation sampling is proposed for locations BHSMO9 and BHSMI2. Procedures described in the QA

SAP (BMcD , 2012) will be used for sample collection and associated field activities. Samples will be

submitted to Brooks Rand Labs of Seattle, Washington for analysis of the following constituents:

r Total mercury - USEPA SW-846 7 47 | . This analysis will be performed to provide an indication

of the total amount of mercury present in the sample, regardless of species (i.e., The results

include mercury salts, organic mercury, and elemental mercury).

o Mercury Speciation - Brooks Rand Labs Standard Operating Procedure (SOP) BR-0013, Five-

Step Selective Sequential Extraction Procedure (SEP) to Quantify Mercury Factions in

Sediments, Soils, and Mine Tailings. This procedure is described in Appendix F. This analysis

will be performed to provide the types of mercury species present in the sample, as follows:

Fraction Description Extractant Typical
Compounds

FI Water Soluble Distilled Water HgCl2

HgSOa

F2 Weak Acid Soluble/"Stomach Acid" pH 2 Hydrochloric
Acid/Acetic Acid

Hgo

F3 Organo Complexed lM Potassium
Hydroxide

Hg-humics

Hg2Cl2

CH3Hg

F4 Strong Complexed 12M Nitric Acid Mineral lattice

Hg2Cl2

Hgo

Boiler House Mercury Investigation Report.doc 4-2 I 1/13/201 2
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Fraction Description Extractant Typical
Compounds

F5 Mineral Bound / Cinnabar Aqua Regia HgS

m-HgS

HgSe

HsAu
In addition, Brooks Rand Labs will perform a pre-extraction step, referred to as F0. This is a
qualitative presence/absence analysis where the sample is purged to obtain volatile mercury.
Volatile mercury includes unbound elemental mercury and dimethyl mercury. Dimethyl
mercury is typically only detected in environmental samples in certain landfill gases. Since the
F4 fraction includes both elemental mercury and other species, the presence of mercury in the
F0 analvsis is an indication that mercury detected in the F4 fraction is likelv elemental.

A sample collection summary is provided on Table 4-1, and a summary of analytical methods, containers,

preservatives is provided on Table 4-2. The point of contact for Brooks Rand Labs is as follows:

Name Primarv Point of Contact
Brooks Rand Labs
3958 6'h Avenue NW
Seattle, WA 98107

Elizabeth Madonick
phone: (206) 632-6206, ext. 141

email: elizabeth@,brooksrand.com

Based on the mercury species identified during sampling, the data will be compared to the appropriate

USEPA RSL for industrial soil (USEPA,2012), as follows:

o Mercuric chloride (and other mercury salts): 310 mdkg

o Mercury (elemental): 43 mglkg

o Methyl mercury: 100 mg/kg

Sample collection activities are planned to be completed approximately 30 days following approval of the

proposed additional sampling by USEPA and MDNR. Submittal of letter report summarizing

supplemental investigation results is planned approximately 60 days following completion of sample

analysis.

*rF*t {.
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Table 3-l
Surface Material Sample Summary
Boiler House Mercury lnvestigation Report
AK Steel Facility - Kansas City, Missouri

Sample

Point

Sample

Designator

& Point

Sample

Tvoe

Estimated

Depth of
Samole (ft bosl

Mercury
(sw846 7471)

BHSMOl

BHSMO2

BHSM03

BHSM04

BHSM05

BHSM06

BHSMOT

BHSMOS

BHSMOSA

BHSMO9

BHSM,IO

BHSMlOMS/MSD

BHSMl 1

BHSM12

BHSM13

ss0-0.5

ss0-0.5

ss0-0.5

ss0-0.5

ss0-0.5

ss0-0.5

ss0-0.5

ss0-0.5

ss0-0.5

ss0-0.5

ss0-0.5

ss0-0.5

ss0-0.5

ss0-0.5

ss0-0.5

Duplicate

MS/MSD

0.0 - 0.5

0.0 - 0.5

0.0 - 0.5

0.0 - 0.5

0.0 - 0.5

0.0 - 0.5

0.0 - 0.5

0.0 - 0.5

0.0 - 0.5

0.0 - 0.5

0.0 - 0.5

0.0 - 0.5

0.0 - 0.5

0.0 - 0.5

0.0 - 0.5

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Notes:

ft bgs - feet below ground surface

MS - matrix soike
MSD - matrix spike duplicate

Table 3-1
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Table 3-2
Surface Material Sample Results
Boiler House Mercury lnvestigation Report
AK Steel Facility - Kansas City, Missouri

Notes:

Bold = Compound was detected

= Highlighted valued exceeds the USEPA RSL for Industrial Soil for Elemental Mercury ol
43 mg/kg

1 
= Mercury vapor field screening value was obtained from surface material placed in the
respective sample containers.

lD = ldentification
mg/kg = milligram per kilogram
ng/m3 = nanogram per cubic meter

USEPA RSL = United States Environmental Protection Agency Regional Screening Level

Table 3-2
Page 1 of 1

Samole lD Laboratory lD Collection Date

Total Mercury

sw-846 7471

(mo/ko)

Mecury Vapor
Field Screeningl

(ng/m3)

BHSMo1/SS 0-0.5

BHSM02/SS 0-0.5

BHSM03/SS 0-0.5

BHSMo4/SS 0-0.5

BHSMos/SS 0-0.5

BHSM06/SS 0-0.5

BHSM07/SS 0-0.5

BHSM08/SS 0-0.5

BHSMOSfuSS O-0.5

BHSMog/SS 0-0.5

BHSM10/SS 0-0.5

BHSM11/SS 0-0.5

BHSM12/SS 0-0.5

BHSM13/SS 0-0.5

60'12981 5001

601 2981 5002

601 2981 5003

601 2981 5004

601 2981 5005

601 2981 5006

601 2981 5007

601 2981 5008

601 2981 5009

601 2981 501 0

601 2981 501 1

601 2981 501 2

601 2981 501 3

601 2981 5014

9t26t2012

9t26t2012

9t26t2012

9t26t2012

9t26t2012

9t26t2012

9t26t2012

9126t20't2

9t26t2012

9t26t2012

9t26t2012

9t26t2012

9t26t2012

9126t20't2

8.7

13.1

2.8

1.9

2.1

8.9

41.5

12

12.6

275

11 .9

12.4

83.6

32.5

1198 - 1224

1992 - 2467

1249 - 2390

955 - 1562

641 - 2020

672 - 1119

711 -2285

184 - 3440

184 - 3440

442 - 1164

912 - 1737

1969 - 2153

225 -3892
1437 -2065

1 1/16/2012 k\AK Steel\60048\Table 3-2 Surface Material Sample Resutts.xls



Table 4-1

Surface Material Sampling Plan
Boiler House Mercury lnvestigation Report
AK Steel Facility - Kansas City, Missouri

Notes:

" - Locations shown for QfuQC samples are preliminary and may be altered based

on the order in which samples are collected, the amount of sample available, etc.

ft bgs - Feet below ground surface

SOP - Standard Operating Procedure
BR-0013 - Five-Step Selective Sequential Extraction Procedure (SEP) to Quantify Mercury Fractions in Sediments, Soils, and Mine

Tailings. Brooks Rand Labs.

Sample

Point

Sample

Designator

& Point
Sample

Tvoe*

Estimated

Depth of
Samole (ft bosl

Total

Mercury
(sw846 7471)

Mercury

Speciation
(soP BR-0013)

BHSMO9A

BHSMO9A

BHSMl2A

ss0-0.5

ss0-0.5A

ss0-0.5

Duplicate

0.0 - 0.5

0.0 - 0.5

0.0 - 0.5

X

X

X

X

X

X

Table 4-1

Page 1 of 11 1/16/2012 k:\AK Steel\69635\Table 4-'1 Surface Material Sampling Plan.xls



Table 4-2
Analytical Methods, Containers, Preservatives, and Holding Times Summary

Boiler House Mercury lnvestigation Report
AK Steel Facility - Kansas City, Missouri

'C - degrees Celsius MS/MSD - matrix spike/matrix spike duplicate

Notes:
1 Bottle requirements were based on typical lab requirements. The lab will indicate appropriate sampling containers to meet their volume needs, and this may

differ from those indicated here. Quality control samples (field duplicates, MS, and MSD) require the same containers and volume as a typical field sample
unless otherwise notified by the lab.

2 Soil is to be reported on a dry-weight basis. Sufficient volume is available to perform moisture content analyses using the volume collected for the primary
chemical analysis.

SOP - Standard Operating Procedure
BR-0013 - Five-Step Selective Sequential Extraction Procedure (SEP) to Quantify Mercury Fractions in Sediments, Soils, and Mine Tailings. Brooks

Table 4-2
Page 1 of 1

Matrix Analysis Method(s)

Container

Tvoel

Volume/

Mass Preservative

Holding

Time

Soil2 Total Mercury sw-846 7471 One 4-ounce or 8-ounce glass jar with
Fill to capacity

lce to 4"C for Shipment
Frozen for Lab Storage

'l year
Mercury Speciation soP BR-0013 Teflon-Lined Lid

1 1/16/2012 k:\AK Steel\69635\Table 4-2 Methods Containers.xls
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Figure 1-1

FACILITY LOCATION MAP

AK STEEL
KANSAS CITY, MISSOURI
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Figure 1-3
Boiler House

AK Steel Kansas Gity Facility
Kansas City, Missouri
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APPENDIX A

NRC Incident Report



Page 1 of3

NATIONAL RESPONSE CENTER L-8OO-424-8802
*** pe3 Rrblic use ***
Information released to a third party shall eomply with any
applicable federal and,/or state Freedom of Information and Privacy taws

lncident Report # 1002004

INCIDENT DESCRIPTION

*Report taken at 15:26 on 02-FEB-12
Incident TfPe: FIXED

Incident Cause: DIJMPING
Affected A!ea:
The incident occurred on 01-,IAt{-97 at 12:00 local time.
Affeeted Medium: LAND BURIED INTO THE GRO(I{D (IIIIDERNEATH BASEMENT FLOOR)

Organization:

SUSPECTED RESPONSIBLE PARTY

GS TECHNOLOGIES

xx

Tlpe of Organization: PRIVATE ENTERPRISE

INCIDENT LOCATION

County: JACKSON
City: KFTNSAS CITY State: MO

GS TECHNOLOGIES PI,AIIT

RELE.ASED MATERIAL (S)

CIIRIS Code: MCR Official Material Nane: MERCURY

Also Known As:
Qty Released: 300 POITND(S)

DESCRIPTION OF INCIDENT
CATLER IS MAKING A REPORT INVOLVING INFORMATION THEY RECEIVED REGARDING THE

RESPONSIBLE PARTY BURYING ST'RPLUS UERCI'RY INTO THE GROT'I{D AT THE PLAI{T PROPERTY.

CALLER WAS TOLD THE INCIDENT OCCURRED DURING THE PERIOD THE RESPONSIBLE PARTY'S

COMpAtry wAS @rNG BANKRUPT (1990'5). CALLER lrAS ALSO TOLD THE TOTAL AIIIOI'NT OF

MERCURT THAT YTAS BT'RIED WAS BET9IEEN L25 - 3OO POT'NDS. LIMITED LOCATION INFORMATION

WAS GIVEN BUT IT WAS DESCRIBED AS ON THE RESPONSIBLE PARTY'S PI.AI{T PROPERTY AI'ID

THEY I{ERE BT'RIED I'IIDER THE BOILER ROOM PI,ANT UNDER THE BASEI4ENT FLOOR.

INCIDENT DETAILS

Package: NO

Building ID:
Tlpe of Fixed Object: OTHER
Power Generating FacilitY: NO

Generating CapacitY:
Type of Fuel:
NPDES:
NPDES Compliance: tlNKNOllN

Fire Involved:
INJURIES:
FATALITIES:
EVACUATIONS:

DAMAGES

Fire Extinguished: TNKNOI{N

Hospitalized:
Empl/Crew:
lilho Evacuated:

Efq)l/Crew:
Passenger:

Radius/Area:

NO

NO

NO

NO

NO

Length of
Closure

Passenger:
Occupant:

Direction of
Closure

!o"."e"r 
t

Closure Tf.pe DescriPtion of Closure
lir. N

http://www.mc.uscg.mil/reports/rwservlet?standard_web+inc_seq:1002004 212012012



Page2 of3

Road: N Major

waterway: N Artery: N

frack: N

- Passengers Transferred: NO
Environmental Impact: UNI(NOlltiI
Media Interest: NONE Cormnunity Impact due to Material:

REMEDIAI, ACTIONS
CAILER IS MAKING NOTTFICATIONS.
Release Secured: I'NKNOWN
Release Rate:
Estimated Release Duration:

T{E,ATHER

ADDITIONAI AGENCIES NOTIFIED

Federal: NONE

State/Local: NONE
State/Local On Scene:
State Agency Nuriber:

NOTIFICATIONS BY NRC
ATLAI{TrC STRTKE TEAI{ (MArN OFFTCE)

02-FEB-12 t5 42
uscc rcc (rcc oNr)

02-EEB-12 L5:.42

IGrS RAO ST. LOUIS (COMITAND CENTER)

- 
o2-FEB-12 LS 42

DOT CRISIS MA}IAGEI.{ENT CENTER (MAIN OFFICE)
02-FEB-12 LS:.42

u.s. EPA Vrr (MArN OFFTCE)
02-FEB-12 15:44

FE!{A REGION 7 (COORDINATION CENTER)
02-FEB-12 LS:.42

IA U.S. ATTORIIEY'S OFFICE (INTELLIGENCE OFFICER)
02-FEB-12 LS:,42

MO INFORMATION AT{ALYSIS CENTER (COMMAND CENTER)
O2-EEB-L2 LS:,42

MO DEPT OF HE"ALTH AIID SENTOR SVC (COMI{A}ID CENTER)
02-EEB-12 LS:42

MO OFFICE OF HOMEI.A}ID SECURITY (COM!'AND CENTER}
02-FEB-12 LS:42

NATIONAL TNFRASTRUCTT'RE COORD CTR (MATN OFFTCE)
02-FEB-12 L5:42

NOAA RPTS FOR MO (MAIN OFFICE)
02-FEB-12 L5:.42

SECTOR UPPER MISSISSIPPI RIVER (COMMAIID CENTER}
O2-F:qB-L2 15:45

DEPT HE.ATTH AIiID ENv (MAIN oFFTcE)
02-FEB-12 LS:.42

MODIIR ATTN: DUTy OFFICER (MArN OFFICE)
02-FEB-12 L5:42

^DOI/OEPC 
DE}II/ER (MAIN OFFICE)

- 
02-FEB-12 L5:42

--ttscc 
DISTRTCT 8 (l,IArN OFFTCE)

02-FEB-12 L5:.42

ADDrITONAL INFORMATTON

http://www.nrc.uscg.mil/reports/rwservlet?standard_web+inc_seq:10 02004 zl20l20l2



CALLER IIAD NO ADDITIONAT CO!4MENTS.

*** El[D TNCIDENT REPORT # 1OO2OO 4 r.*t
The National Response center is strictly an initial report taking agency

-"d 

does not.participate in the investigation or j.ncident response. The NRC

-eceives 
initial reporting information only and notifies Federal and StateEn-Scene Coordinators for response. The NRC does not verify nor does ittake follow-on incident informati-on. verification of data and incidentresponse is the sole responsibility of Federal/State On_Scene Coordinators.Data contained within the ForA gfeb Database is initial information only.Alr rePorts provided via this server are for informational purposes only..Data to be used in legal proceedings must be obtained via ,iitt"r,correspondence from the NRC.

Page 3 of3

http://www.ffc.uscg.mil/reports/rwservlet?standard_web+inc _seq:10 02004 2/20/2012



APPENDIX B

1993 Plant Map with Boiler House and Ball Department Boiler Room
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APPENDIX G

QA/QC Review of Analytical Data



Date:October 16,2012

To: Sharon Shelton

From: Ryann Odor

Re: Quality Assurance/euality control (eA/ec) Review of Analytical Data
AK Steel, Kansas City, MO
Project No: 69635

- MS/lt4SDs are typically run for organic and

::l*::"i1ry:: A,sample ir qprit'nt" thrre portions (original, il'S;;'ilffi;, ffi-;il""$;

s-urface Soil samples were collected as part of a mercury investigation in the Boiler Ho.rr.l, Ari*.I in
5::::S;y'Y9 (l1r') 

-.sojl^sampres.w:re 
couected o' s'p,"'iu". 26,2012. Au samples weresubmiffed to Pace Analytical Services in Lenexa, Kansas (Pace) for analysis of mercury by the analyticalmethod EPA747L and percent moisture by the analytical method ASTM D2g74.

The QA/AC results in association with the samples collected were examined for any method specificrequirements' Data qualifiers, when appropriaG, were added to thedata as recommended in united statesEnvironmental Protection Agency's gsnea'g National Functionctl Guidelinesfor Inorganic superfundDato Review (NFGO,2010) and National Functional Guidelinesfor superfund organic Methods DataReview (NFGO,2008). The eA/ec review results are discussed b.lo*.

1' Chain-of-Custody (CoCf - The relinquished and received signatures, times, and dates on the CoCwere present and properly signed.

Requested Analysis completed - All analysis were completed as requested.

Holding Times - All samples were analyzedwithin the recommended method holding times.

sample Preservation - The sample coolers were received within the 4 degrees celsius (.c) + 2 .csample preservation temperature range. upon arrival at the lab, allsamples were logged-in, placedin the laboratory cooler, and kept at tempeiatures between 2 and 6 oc.

Laboratory Method Blanks - All method blanks were non-detect for target analytes.

Laboratory control Sample (LCS) - The LCS contains a matrix similar to that of the sample that hasbeen spiked with known concentrations of target analytes. The LCS is prepared and analyzed by thesame method as the samples. As a measure oianalytical accuracy, the results of the LCS arecompared against the known analyte concentrations in the spike to determine REC. rhe purpose orthe LCS is to determine the performance of the labora,o.y *itrr-...pect to analyte recovery,independent of field sample matrix interference.

The LCS REC was within eC limits.

2.

3.

4.

5.

6.

amount of a target analyte is added (spiked) to two portions OrfS a"A MSD) of the'sampl". fn"results of these fwo portions are compared with eacL other ro. ffiaucibility using tnJretative

9400 Word Parkvoy. ltunsos (ity, ll0 641t4_Jil|
fel: 816 J33-9400. fLx: gt6 JJ3-J690. wywbarnsncd.con



October 16,2012
Page2

percent difference (RPD). They are also compared against the unspiked portion of the sample for
REC of the spike.

The MS/I\4SD analysis for QC Batch MERP 16666 wasperformed on sample BHSMgI/SS 0-0.5
(60129815001) and had RECs that were outside of QC limits for mercury The lab noted that the
MS/MSD recovery was not evaluated against control limits due to high sample dilution and the
spiked amounts were less than one-fourth the parent sample concentrations. Therefore, conclusions
could not be drawn and no qualifiers were added based on this analysis.

8. Field Duplicate - Field duplicate results provide information on the ability to reproduce field results
and account for error introduced from handling, shipping, storage, preparation, and analysis offield
samples. There are no specific USEPA criteria for qualiffin g data from field duplicate results.
Depending upon the sample concentration, one of the following criteria based upon NFGI is
applicable:

o Is the compound detected in both portions?

o If the sample concentrations are greater than 5 times the detection limit. then the maximum
allowable RPD is 35o/o percent for soil samples.

o If the sample concentrations are less than 5 times the detection limit, then a sensitivity test is
applied. For the sensitivity test, the sample concentrations must agree within plus or minus
(+) two times the lower detection limit for soil samples.

The following field duplicate pair was gathered: BHSMO8/SS 0-0.5 (60129815008) and
BHSM0S{SS 0-0.5 (60129815009). The mercury results were adequately replicaied.

9. Laboratory Dunlicate Results - Laboratory duplicate analyses were performed for percent moisture.
The laboratory duplicate results met the eC criteria.

10. Detection and Quantitation Limits - Table I presents the analyses that required a dilution to bring
concentrations of target analytes within the calibration range and/or to account for matrix
interference(s). These dilutions resulted in an elevated reporting limit. All samples required a
dilution of 5:1 or greater.

I l. Conclusion - The data were reviewed for achievement of any method-specified eA/eC criteria. No
data qualifiers were added and no data were rejected (R) as a result of this review. The data are valid
for use in reporting the results of this investigation.

Attachment

Table I -Dilution Factors

K:\tliV\AK SItt\5ile\69635\Deliver\Boil House Hg Reporf\Appendiries\Appendix (_0AQ( Review\AKS K( Boiler House Doto Vol.docx



Table 1

Dilution Factors
Boiler House Mercury Investigation

AK Steel, Kansas CitY, Missouri

Sample ldentification Laboratory Number Parameter Dilution Factor

BF|SM04/SS 0-0.5
BHSMos/SS 0-0.5

601 2981 5004
601 2981 5005

Mercury

BHSMO3/SS 0.0.5 601 2981 5003 Mercury 10

BHSMo1/SS 0-0.5
BHSMo2/ss 0-0.5
BHSM06/ss 0-0.5
BHSMOS/SS O-0.5

BHSMOSA/SS O-0.5

BHSMO1 l/SS O-0.5

601 2981 5001

6012981 5002
601 2981 5006
6012981 5008
601 2981 5009
6012981 501 2

Mercury 20

BHSMOT/SS O-0.5

BHSMOIO/SS 0.0.5
BHSMOl3/SS O-0.5

601 2981 5007
601 2981 501 1

601 2981 501 4

Mercury 50

BHSMo12/SS 0-0.5 601 2981 501 3 Mercury 250

BHSMOg/SS O-0.5 601 2981 501 0 Mercury 500



APPENDIX D

September 26,2012 Field Notes
Surface Material Sampling
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Analytical Laboratory RePort
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October 08.2012

SHARON SHELTON
BURNS & MCDONNELL
94OO WARD PARKWAY
Kansas City, MO 64131

RE: Project: Boiler House
Pace Project No.: 60129815

Dear SHARON SHELTON:
Enclosed are the analytical results for sample(s) received by the laboratory on September 26,2012.
The results relate only to the samples included in this report. Results reported herein conform to the
most current TNI standards and the laboratory's Quality Assurance Manual, where applicable, unless
otherwise noted in the body of the report.

Pace Analytical Services, Inc,

9608 Loiret Blvd.

Lenexa, KS 66219

(91 3)599-5665

- 
lf you have any questions concerning this report, please feel free to contact me.

Sincerely,

UZn*'n--
Angie Brown

Ang ie. Brown@pacelabs.com
Project Manager

Enclosures

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

1 of25
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Project: Boiler House

Pace Project No.: 60129815

Pace Analytical Services, Inc,

9608 Loiret Blvd.

Lenexa. KS 66219

(91 3)599-5665

CERTIFICATIONS

Kansas Certifi cation lDs
9608 Loiret Boulevard, Lenexa, KS 66219
A2LA Certification #: 2456.01
Arkansas Certification #: 12-019-0
lllinois Certification #: 002885
lowa Certification #: 118
Kansas/NELAP Certification #: E-10116

Louisiana Certification #: 03055
Nevada Certifi cation #: KS00021 20084
Oklahoma Certification #: 9205/9935
Texas Certifi cation #: T1 04704 407 -12-3
Utah Certificatio n #: K5000212012-2

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

2of25

Page2 oI 22



6ceAnatyticat'
wr{er.ptc€/€b'.wt

Project: Boiler House

Pace Project No.: 60129815

Pace Analytical Services, Inc.

9608 Loiret Blvd.

Lenexa, KS 66219

(91 3)5e9-5665

SAMPLE SUMMARY

Lab lD Sample lD Matrix Date Gollected Date Received

60129815001

60129815002

60129815003

60129815004

60129815005

60129815006

60129815007

60129815008

60129815009

6012981 5010

60129815011

60129815012

60129815013

60129815014

BHSM01/SS 0-0.5

BHSMo2/SS 0-0.5

BHSM03/SS 0-0.5

BHSMo4/SS 0-0.5

BHSM05/SS 0-0.5

BHSM06/SS 0-0.5

BHSMo7/SS 04.5

BHSM08/SS 0-0.5

BHSM0sA/SS 0-0.5

BHSMog/SS 0-0.5

BHSM10/SS 0-0.5

BHSM11/SS 0-0.5

BHSM12/SS 0-0.5

BHSM't3/SS 0-0.5

0912611209:55

09126112 1O:1O

09126112 10:15

09126112 10:20

09126112 10:25

09126112'10:35

09126112 10:40

09126112 10:45

09126112 08:00

09126112 10:50

09126112 10:55

09126112 11:00

09126112 11:05

09126112 11:10

09126112 13:55

09126112 13:55

09126112 13:55

09126112 13:55

09126112 13:55

09126112 13:55

09126112 13:55

09126112 13:55

09126112 13:55

09126112 13:55

09126/12 13:55

09126112 13:55

09126112 13:55

09126112 13:55

Solid

Solid

Solid

Solid

Solid

Solid

Solid

Solid

Solid

Solid

Solid

Solid

Solid

Solid

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analvtical Services. Inc..
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Project: Boiler House

Pace Project No.: 60129815

Pace Analytical Services, Inc.

9608 Loiret Blvd.

Lenexa, KS 66219

(91 3)s99-5665

SAMPLE ANALYTE COUNT

Lab lD Sample lD Method Analysts
Analytes
Reported

60129815001

60129815002

60129815003

601 2981 5004

60129815005

60129815006

60129815007

60129815008

-ootzgatsoog

60129815010

601298r 5011

60129815012

601298't5013

60129815014

BHSM01/SS 0-0.5

BHSMO2/SS 0.0.5

BHSMo3/SS 0-0.5

BHSMo4/SS 0-0.5

BHSMos/SS 0-0.s

BHSM06/SS 0-0.5

BHSMo7/SS 0-0.5

BHSM08/SS 0-0.5

BHSMoSA/SS 0-0.5

BHSM0g/SS 0-0.5

BHSM10/SS 0-0.5

BHSM11/SS 0-0.5

BHSMI2/SS 0-0.5

BHSM13/SS O-0.5

EPA7471

ASTM D2974

EPA7471

ASTM D2974

EPA7471

ASTM D2974

EPA7471

ASTM D2974

EPA7471

ASTM D2974

EPA7471

ASTM D2974

EPA7471

ASTM D2974

EPA7471

ASTM D2974

EPA7471

ASTM D2974

EPA747'I

ASTM D2974

EPA7471

ASTM D2974

EPA7471

ASTM D2974

EPA7471

ASTM D2974

EPA7471

ASTM D2974

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analvtical Services. Inc..

TDS

TMD

TDS

TMD

TDS

TMD

TDS

TMD

TDS

TMD

TDS

TMD

TDS

TMD

TDS

TMD

TDS

TMD

TDS

TMD

TDS

TMD

TDS

TMD

TDS

TMD

TDS

TMD

1

1

1

1

I

1

1

1

1

,|

1

1

1

1

,|

1

1

1

1

1

1

4
I

1

1

1

1

1

1
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Project: Boiler House

Pace Project No.: 60129815

Pace Analytical Services, Inc.

9608 Loiret Blvd.

Lenexa, KS 66219

(91 3)599-566s

ANALYTICAL RESULTS

Sampfe: BHSMO1/SS0-0.5 LablD: 60129815001 Collected: 0912611209:55 Received: 09126112 13:55 Matrix: Solid

Resulfs reported on a "dry-weight'basis

Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual

7471 Mercury Analytical Method: EPA7471 Preparation Method: EPA7471

Mercury 8.7 mg/kg 0.82 20 1OlO3l12 10:15 1Q104112 09:53 7439-97-6

Percent Moisture Analytical Method: ASTM D2974

Percent Moisture 3.8 % 0.50 1 10102112 00:00

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analvtical Services. lnc..

f.,", 1oto[t2o1203:35 PM
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Project: Boiler House

Pace Project No.: 60129815

Pace Analytical Services, Inc.

9608 Loiret Blvd.

Lenexa. KS 66219

(91 3)599-5665

ANALYTICAL RESULTS

Sampfe: BHSM02/SS0-0.5 LablD: 60129815002 Collected: 09126112 10:10 Received: 09126112 13:55 Matrix: Solid

Results reported on a'dry-weight" basis

Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual

7471Mercury Analytical Method: EPA7471 Preparation Method: EPA7471

Mercury 13.1 mg/kg 0.85 20 10103112 10:15 1010411209:55 7439-97-6

Percent Moisture Analytical Method: ASTM D2974

Percent Moisture 9.8 % 0.50 1 10102112O0:00

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analvtical Services. Inc.

f",", 1oto8t2o1203:35 PM

6of25

Page 6 ot 22



raceAnalytint'
vfrlfl.N@bbi.w,

Project: Boiler House

Pace Project No.: 60'129815

Pace Analytical Services, Inc.

9608 Loiret Btvd.

Lenexa, KS 66219

(913)599-5665

ANALYTICAL RESULTS

Sample: BHSM03/SS 0-0.5 Lab tD: 60129g15003
Resulfs repofted on a "dry-weight basis

Parameters Results Units Report Limit DF prepared Anaryzed cAS No. eual

7471 Mercury Analytical Method: EpA7471 preparation Method: EpA7471

Mercury 2.8 mg/kg 0.48 10 1oro3t12 10:18 10t04r1209:58 7439-97-6
Percent Moisture Analytical Method: ASTM D2974

Percent Moisture 4.g % 0.50 1 10102112 00:00

REPORT OF LABORATORYANALYSTS paseT of 22

This report shall not be reproduced, except in full,
without the written consent of pace Analytical Services, Inc..

ate: 1 01081201 2 03:35 PM
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Project: Boiler House

Pace Project No.: 60129815

Pace Analytical Services, Inc.

9608 Loiret Btvd.

Lenexa, KS 66219

(91 3)599-5665

ANALYTICAL RESULTS

Sample: BHSMO4/SS 0-0.5 Lab lD: 6fi29815004
Resulfs reported on a'dry-weight' basis

Parameters Results Units Report Limit DF prepared Anaryzed cAS No. eual

7471 Mercury

Mercury

Percent Moisture

Percent Moisture

Analytical Method: EpA7471 preparation Method: EpA7471

1.9 mg/kg

Analytical Method: ASTM D2974

14.3 o/o

0.29 5 10103t12 10:15 10t04t1210:00 7439_97_6

0.50 1 1010211200:Q0

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of pace Analytical Services, Inc..

ate: 1 0 10812012 03:35 pM
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Project: Boiler House

Pace Project No.: 60129815

Pace Analytical Services, Inc.

9608 Loiret Blvd.

Lenexa, KS 66219

(91 3)599-5665

ANALYTICAL RESULTS

Sample: BHSM0s/SS0-0.5 LablD: 60129815005 Collected: 09126112 1O:25 Received: O9126112'13:55 Matrix: Solid

Resu/ts reported on a'dry-weight' basis

Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual

7471 Mercury Analytical Method: EPA7471 Preparation Method: EPA7471

Mercury 2.1 mglkg 0.18 5 10103112 1O:15 10104112 10:02 7439-97-6

Percent Moisture Analytical Method:ASTM D2974

Percent Moisture 4.7 Yo 0.50 1 10102112 00:00

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the wriften consent of Pace Analytical Services, Inc.

te:1O10812012 03:35 PM
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Project: . Boiler House

Pace Project No.: 60129815

Pace Analytical Services, Inc.

9608 Loiret Blvd.

Lenexa. KS 66219

(913)599-5665

ANALYTICAL RESULTS

Sampfe: BHSM06/SS0-0.5 LablD: 60129815006 Collected: 09126112 1O:35 Received: 09126112 13:55 Matrix: Solid

Results reported on a "dry-weight" basis

Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual

7471 Mercury Analytical Method: EPA7471 Preparation Method: EPA7471

Mercury 8.9 mg/kg 0.94 20 10103112 10:15 1010411210:04 7439-97-6

Percent Moisture Analytical Method:ASTM D2974

Percent Moisture 3.7 To 0.50 1 1010211200:O0

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analvtical Services. Inc..

' ate: 1 010812012 03:35 PM
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Project: Boiler House
Pace Project No.: 6012981S

Pace Analytical Services, Inc.

9608 Loiret Blvd.

Lenexa, KS 66219

(91 3)599_5665

ANALYTICAL RESULTS

Sample: BHSM07/SS 0-0.S tab tO: eOtZgSi
Resu/ts reporled on a'dry-weight, basis

Parameters Resurts Units Report Limit DF prepared Anaryzed cAS No. Qual

7471 Mercury

Mercury

Percent Moisture

Percent Moisture

Analytical Method: EPA7471 preparation Method: EpAt471

2.1 50 10103t12 10:15 10t04t12,10:06 7439_97-6

0.50 1 1010211200:00

41.5 mg/kg

Analytical Method: ASTM D2974

2.8 %

REPORT oF LABORATORYANALYS|S pasell or22
This report shall not be reproduced, except in full,

without the written consent of pace Analytical Services, Inc..

O"*' 1oto[t2o1203:35 pM
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Project: Boiler house
Pace Project No.: 60129815

Pace Analytical Services, Inc.

9608 Loiret Btvd.

Lenexa, KS 66219

(913)599_5665

ANALYTICAL RESULTS

Sample: BHSM08/SS 0-0.S t_aU tO: eOtZS815
Resu/fs reported on a "dry-weight basis

Parameters Results Units Report Limit DF prepared Analyzed CAS No. eual
7471 Mercury

Mercury

Percent Moisture

Percent Moisture

Analytical Method: EPA74T1 preparation Method: E?AT471

12.0 mg/kg

Analytical Method: ASTM D2974

21.3 Yo

1.1 20 10103t12 10:,tS 10104t1210:13 7439_97_6

0.50 1 1010211200:00

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of pace Analytical Services, Inc..

bte: 1 010812012 03:35 pM
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Project: Boiler house
Pace Project No.: 60129815

Pace Analytical Services, Inc,

9608 Lohet Btvd.

Lenexa, KS 66219

(913)599-5665

ANALYTICAL RESULTS

Sample: BHSM0SA/SS 0-0.5 Lab tD: 601298150
Resalb reported on a'dry-weight, basis

Parameters Results Units Report Limit DF prepared Anaryzed cAS No. eual

7471 Mercury Analytical Method: EpA7471 preparation Method: E}A74T1
Mercury 12.6 mg/kg 1.0 20 'roto3r12 10:1s 1010411210:15 7439-97-6
Percent Moisture Analytical Method:ASTM D2974

Percent Moisture 20.1 o/o 0.50 1 10102112 O0:00

REPORT OF LABORATORYANALYSTS pase13ot22

This report shall not be reproduced, except in full,
without the written consent of pace Analytical Services, Inc..

O*, fito8t2o12o3:35 pM

13 of 25
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Project: Boiler House

Pace Project No.: 60129815

Pace Analytical Services, Inc.

9608 Loiret Blvd.

Lenexa, KS 66219

(91 3)s99-5665

ANALYTICAL RESULTS

Sampfe: BHSM09/SS0-0.5 LablD: 60129815010 Collected: 09126112 10:50 Received: 09126112'13:55 Matrix: Solid

Resulfs reported on a "dry-weight'basis

Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual

7471 Mercury Analytical Method: EPA7471 Preparation Method: EPA7471

Mercury 275 mglkg 22.8 500 10103112 10:15 1QlQ4l12 10:42 7439-97-6

Percent Moisture Analytical Method: ASTM D2974

Percent Moisture 3.1 % 0.50 1 10102|1200:00

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analvtical Services. Inc..

f","' 1oto8t2o1203:35 PM
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Project: Boiler House

Pace Project No.: 60129815

Pace Analytical Services, Inc.

9608 Loiret Blvd.

Lenexa, KS 66219

(91 3)s99-5665

ANALYTICAL RESULTS

Sampfe: BHSM10/SS0-0.5 LablD: 60129815011 Collected: 09126112 10:55 Received: 09126112 13:55 Matrix: Solid

Results reported on a'dry-weight' basis

Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual

7471Mercury Analytical Method: EPA7471 Preparation Method: EPA7471

Mercury 11.9 mg/kg 1.8 50 10103112 10:15 10104112 10:20 7439-97-6 M6

Percent Moisture Analytical Method:ASTM D2974

Percent Moisture 4.0 % 0.50 1 10102112 00:00

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analvtical Services. lnc..

J"*, 1oto[t2o1203:35 PM

15 of 25

Page 15 ol 22



n
/jaceMffint'
{ w*v.prerabs.oorn

{

Project: Boiler house
Pace Project No.: 60129815

Pace Analytical Services, Inc.

9608 Loiret Blvd.

Lenexa. KS 66219

(91 3)599-566s

ANALYTICAL RESULTS

Sample: BHSM11/SS0'0.5 LablD: 601298'15012 Collected: 09126t12 11:00 neieiveO: OSIZ6112,l3:SS Matrix: soil
Resurfs reported on a "dry-weight" basis

Parameters Results Units Report Limit DF prepared Analyzed cAS No. eual

7471 Mercury Analytical Method: EPA7471 Preparation Method: EpA7471

Mercury 12.4 mgtkg 1.1 20 1oto3t12 1o:1s 10t04t12 10:26 7439-97-6

Percent Moisture Analytical Method:ASTM D2974

Percent Moisture 35.3 % 0.50 1 1Ote2t12OOiOO

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc.

'atei 1010812012 03:35 PM
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Project: Boiler House

Pace Project No.: 60129815

Pace Analytical Services, Inc.

9608 Loiret Blvd.

Lenexa, KS 66219

(91 3)599-5665

ANALYTICAL RESULTS

Sample: BHSM12/SS0-0.5

Results reported on a "dry-weight" basis

Parameters Results

7471Mercury

Mercury

Percent Moisture

Percent Moisture

83.6 mg/kg

Analytical Method: ASTM D2974

7.4 Yo

11.9 250 10103112 10:15

0.50

10104112 10:44 7 439-97 -6

1010211200:00

LabfD: 60129815013 Collected: O9126112 11:05 Received: Q912611213:55 Matrix: Solid

Report Limit DF Prepared Analyzed CAS No. Qual

Analytical Method: EPA747'l Preparation Method: EPA7471

Units

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc.

O*"' 1oto[t2o1203:35 PM
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Project: Boiler House
Pace Project No.: 60129g.15

Pace Analytical Services, Inc.

9608 Loiret Blvd.

Lenexa, KS 66219

(sl 3)59s_5665

ANALYTICAL RESULTS

Sample: BHSM13/SS0-0.s Lab lD: 60129815014 Collected: 09126|12 11 10 Received: 09126112 13.SsResults reported on a .dry-weighf. 
basls

Parameters

7471 Mercury

Mercury

Percent Moisture

Percent Moisture

Prepared Analyzed

Matrix: Solid

CAS No. Qual
Results Units Report Limit DF

Analytical Method: EpA7471 preparation Method: EpA7471

32.5 mg/kg 1.9 50 10t03t12 10:15

Analytical Method: ASTM D2974

2.5 Yo 0.50 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of pace Analytical Services. Inc..

10104112 10:31 7439-97-6

1010211200:00

tate: 1 01081201 2 03:35 pM

18 of 25

Page 18 ot 22



6cehalyticaf
wwv('6@la',8',6nl

Project: Boiler House
Pace Project No.: 60129g1S

Pace Analyticat Services, lnc.
9608 Loiret Blvd.

Lenexa, KS 66219

(91 3)599-s66s

QUALITY CONTROL DATA

QC Batch: VEnptOOOO,,,L,\r/euoo 
Analysis Method: E?A74VQC Batch Method: EpA7471

Associated Lab Samp,es; 
99r?ee1!e01, 6012e815002,::rlilii99l 

fi::'iiii::p?t,;;d;$fr 6012e81s006, 6012e81s007,6012981s008,60129815009;oorzger50i0,ooiigiiiorr,6o12s815o12,6orzs8rsore,6012981s0.14

METHOD BLANK: tOOS1Te Matrix:Solid 

-

Associated Lab samples: 
991?gg1gg01,60129815002,6012981s003, 6012981s.004,60129815005,60129815006,6012981s007,6012e815008, 6012e81500e; oorissis'io, ooiisii;0rr, 6o12s815o12,6orzs8rsors, 6012e81s014

__ parameter Units _ i:il *"1ff1* 
Anatyzed euatiriersMercury ms/ks - -- ND ---- ooso tffi

LABOMTORY CONTROGAMPLR

Parameter

1069174

Units

-

mg/kg

Spike
Conc.---_-

LCS
Result

LCS

% Rec
% Rec
Limits QualifiersMercury

0.51 80-120

MATRTX SPIKE & rr,|nrnx sprrCE[Fr_rGe
1 0691 75

H 60129815011

Units Result

MSD

Spike
Conc.

MS

Spike
Conc.

1 0691 76

MS

Result
MSD MS
Result % Rec

MSD % Rec
% Rec Limits

Max
RPD RPDmg/kg Qual11.9 .38 12.7 11.2 222 -168 75-125 12 20 M6

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full.

without the wriften consent of pace Analytical Services, Inc..
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Project: Boiler House

Pace Project No.: 60129815

Pace Analytical Services, Inc.

9608 Loiret Btvd.

Lenexa, KS 66219

(913)599_5665

QUALITY CONTROL DATA

QC Batch: PMST/7789

QC Batch Method: ASTM D2974

Analysis Method: ASTM D2974

AnalysisDescription: DryWeighUpercentMoisture
Associated Lab samples: 60129815001, 60129815002, 60129815003, 60129815004, 601298.15005,60129815006, 60129815007,

60129815008'60129815009,60129815010,60129815011,60129815012;60129815013,6012s81s014

METHOD BLANK: 1071856 Matrix: Solid
Associated Lab samples: 601 2981 5001 , 601 2981 5002, 601 2981 5003, 601 2981 5004, 601 2981 5005, 601 2981 5006, 601 2981 5007,

601 2981 5008, 601 2981 5009, 601 2981 50l 0, 601 2981 501 1, 601 2981 501 2; oOtZSsr sor e, 60l 2981 sO1 4
Blank Reporting

Units Result Limit Analyzed eualifiers
Percent Moisture ND 0.50 10t02t1200:00

Parameter

Vo

SAMPLEDUPLICATE: 1071857

Parameter
60129815011 Dup Max

Units Result Result RpD RpD euatifiers

4.0 4.0 1 20

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except In full,

without the written consent of pace Analytical Services, Inc..

Percent Moisture Yo
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Project:

Pace Project No.:

Boiler House

6012981 5

Pace Analytical Services, Inc.

9608 Loiret Btvd.

Lenexa, KS 66219

(91 3)599-566s

QUALIFIERS

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to changes in sampte preparation, dilution ofthe sample aliquot, or moisture content.
ND - Not Detected at or above adjusted reporting limit.
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.

PRL - Pace Reporting Limit.

RL - Reporting Limit.

S - Surrogate

1,2-Diphenylhydrazine (8270 listed analyte) decomposes to Azobenzene.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RpD values.
LCS(D) - Laboratory Conhot Sampte (Duplicate)

MS(D) - Matrix Spike (Dupticate)

DUP - Sample Duplicate

RPD - Relative percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method g270. The result reported foreach analyte is a combined concentration.
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analvtes.
TNI - The NELAC Institute.

ANALYTE QUALIFIERS

M6 Matrix spike and Matrix spike duplicate recovery not evaluated against conhol limits due to sample dilution.

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of pace Analytical Services, Inc..

tate: 1 01081201 2 03:35 PM
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Project: Boiler House
Pace Project No.: 6012981S

Pace Analytical Services, Inc.

9608 Loiret Btvd.

Lenexa, KS 66219

(91 3)5ee_5665

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab lD Sample lD QG Batch Method
Analytical
BatchQC Batch Analytical Method

60129815001
60129815002
60129815003
60129815004
60129815005
60129815006
60129815007
60129815008
60129815009
60129815010
60129815011

60129815012
60129815013
60129815014

60129815001
601298't5002
6012981s003
60129815004
60129815005

^-60129815006

-0129815007-- 
60129815008
60129815009
60129815010
60129815011
60129815012
60129815013
60129815014

BHSMo1/SS 0-0.5
BHSMo2/SS 0-0.5
BHSMo3/SS 0-0.5
BHSMo4/ss 0-0.5
BHSMos/SS 0-0.5
BHSM06/ss 0-0.5
BHSM07/SS 0-0.5
BHSM08/SS 0-0.s
BHSMoSA/SS 04.5
BHSMog/SS 0-0.s
BHSM10/SS 0-0.5
BHSM11/SS 0-0.5
BHSMl2/SS 0-0.5
BHSM13/SS 0-0.5

BHSMo1/SS 0-0.5
BHSMo2/SS 0-0.5
BHSM03/SS 0.0.5
BHSMo4/SS 0-0.5
BHSMos/SS 0-0.5
BHSM06/SS 0-0.5
BHSMo7/SS 04.5
BHSMo8/SS 0-0.5
BHSM08A/SS 0.0.5
BHSMog/SS 04.5
BHSM10/SS 0-0.5
BHSM11/SS 0-0.5
BHSM12/SS 04.5
BHSMl3/SS 0-0.5

EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471

ASTM D2974
ASTM D2974
ASTM D2974
ASTM D2974
ASTM D2974
ASTM D2974
ASTM D2974
ASTM D2974
ASTM D2974
ASTM D2974
ASTM D2974
ASTM D2974
ASTM D2974
ASTM D2974

MERP/6666
MERP/6666
MERP/6666
MERP/6666
MERP/6666
MERP/6666
MERP/6666
MERP/6666
MERP/6666
MERP/6666
MERP/6666
MERPi6666
MERP/6666
MERP/6666

PMST/7789
PMST/7789
PMST/7789
PMST/7789
PMST/7789
PMST/7789
PMST/7789
PMST/7789
PMST/7789
PMST/7789
PMST/7789
PMST/7789
PMST/7789
PMST/7789

MERC/6640
MERC/6640
MERC/6640
MERC/6640
MERC/6640
MERC/6640
MERC/6640
MERC/6640
MERC/6640
MERC/6640
MERC/6640
MERC/6640
MERC/6640
MERC/6640

EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471
EPA7471

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of pace Analytical Services, Inc.
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courier: fJreo ex llues f,uses pdtient [commerciar fleace flotner_Tracking #: / pace Shipping Label Used? n V", V *
custody Seal on cooler/Box present: f v"s ,^6 No Seats intact: JV"" @No
Packing Material: f]Bubote Wrap rtuO{l"r^g" ffoam f].lone $grer

Project#_ (oorr10t{Client Name:

Datr$:
ttamer fu\cr

Thermometerusea: Tfltr-rgc' rypeotrce: r{;r- None

CoolerTemperature: 1-*
TempeGture should be above to 6"C

Glient Notif ication, Resolution: Copy COC to Cti€nt?

Person Conlacted:,

Comments/ Resolution:

Comments:

o

Field Data Required?
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Blank present: Byes DNo

Headspace in VOA vials ( >6mm): Eyes ENo

in USDA Regulated Area: Eves Erlro

Note: whenever there is a discrepancy affecting North carorinacompriance samples, a copy of this fom will be sent to the North carolina DEHNRcertification office ( i.e out of hotd, inco'ect preservative, out of temp, inconect containers)
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Mercury Speciation Analysis



BROOKS

orffipA
Summory qnd Comporison of

Brooks Rond lobs SOp #BR_OOI3
(S-Step seleclive Sequenliol Exlroclion Procedure for Mercury speciotion in solids)

ond
EPA Method 3200

BR-0013 ("The S-Step procedure") Summory

soP #BR-0013 is o performonce-bosed procedure followed qt Brooks Rond Lobs to determine the mercurylevels in sediments by using o five-step selective sequentiolextroction procedure.

XEAMIIGFUL META.S OATA

ocid soluble/"stomoch ocid,'

trong complexed

The obility to generote doto for the totol level of metols in sediments is well known ond con be ochieved by ovoriety of different technologies. while this con be useful in o brood sense it is often more importont to goin onunderstonding of either the individuol species present or the mobility of the moteriol present in the motrix. ThissoP deols with the use of o five-step exiroction procedure to determine the mercury level in sediments.
Mercury is extrocted from o occuroiely weighed sediment somple into five different solutions, these con bebroodly linked to types of mercury compounds. The extroctonts used ore: deionizeo woter, o synthetic"sfomoch ocid", I M potossium hydroxide solution, l2 M nitric ocid, ond oqro ,.gio. After extroction. somplesore onotyzed by EpA Method l63l (CVAFS).

Mercury species in eoch froction hos been demonstroted to selectively extroct the following mercurycompounds ond/or species.

3958 6th Ave NW ' seattle, wA 98107 ' T: 206-632-6206 ' F; 206-632-ooi7. www.brooksrand.com . brl@brooksrand.com
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offi
EPA Mefhod 3200 Summory

1.0 SCOPE AND APPLICATION

1-1 This methcd contains a sequential extraction and separation procedure that may
be used in conjunction with a detenninative method to differentiate mercury species that are
present in soils and sedirnents. This method provides information on both-tatal mercury and
various mercury species.

1-2 The speciation of a metal, ln this case rnercury, involves determinlng the actual
fsrm of the molecules or ions that are present in the sample" When combined with an
appropriate determinative method, this procedure is designed to provide varying degrees of
mercury species information. All metal speciation methods are operationally CefineO by the
level of post-e*raction processing and the chosen rnetfrad of analysis. Examples of th-e
operationally-defined mercury fractions and individual species that may be deiennined using
this procedure are presented in tt"re table below.

The environmental mobility and toxicity of mercury in a soil profile depend on its
speciation" Alkyl mercury species such as metlrylmercury are at ieast an order of magnitude
rnore rnobile than inorganh mercury species, and thus are more toxic and more readily
b,ioaccumulated. Soluble inorganic mercury species such as mercury chlo6de are moie easily
transported by natural process than the other inorganic rnercury speiies and serue as the
substrate for mercury methylation process (Ref. 1). These extractable orEanomercury species
and extraetable inorganic species contribute the major portion of mercury potential toiieity in the
soils. The mercury species that fall inta the "semi-mobile" category such as elemental mircury
are less toxic than extractable mercury species. The "non-rnobile'i mercury species such as
mercury sulfide are chemically stable in the ssil for geotogic time periods and thus are least
toxic.

3958 6th Ave NW ' Seattle, WA 98107 . T:206-632-6206 . F: 206-632-6017 . www.brooksrand.com . brl@brooksrand.com
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1-3 Quantification of mercury in the different fractions may be peffonned using any
suitable technique with appropriate precision and accuraey, for exarnple Method 741j,-163i, or
Methods 747A and7471" Other analytical techniqum, such as gas cirromatography-mass
spectrometry (GC-MS), ion chromatography or high pedomance llquid chromatograpfry (HpLC)
with either GC-M$ or inductively coupled plasma-mass spectrornetry (;CP-MS) AJteition'
{Method 6020}, or other hyphenated andlor ffiass spectrornetric techniques, rnay be employed if
performance appropriate for the intended application can be demonstrateC. Thii rnethod may
also be applicable to other matrices, such as industrial and municipalwaste materials, but its
performance on such matrices has not yet been evaluated. Method 6800 {Elernenkl and
Speciated lsotope Dilution Mass Spectrometry) {Ref. 2) may alsc be app}icable as a diagnastic
and validation taol for quantification of selectively extracted mercury species, especiallylonun
species transfarrnations occur in the sample preparation or analysis procedures.

Operationally-Defined Meru.rry Fract*ons lndividr.lal Mercury Species CAS Ns.

btalMercury

Exiractable
Mercury

ExtraciiaHe Organic
Mercury

CHrHgCl
CHcCHeHqCI

115-0s-3
147-27-7

Extractable Incrganic
Mercury

HgC12

Hg{oH}3
ilg{},lOs}2
HgSO4
Hsg
Hg'* complexes"

748.7-94-7
t_

1m4$s4$
13768-44-4
2190&53-2

Non-extractable
Mercury

Semi-mobile
Mercury

llg"
Hgo-#
Hg2* comptexes"
Hg$lz {minorJ

7439-97-6

*l tz-gt-t
Non-mobile
Mercury

HgzClz (rnajorl
Hg$
HgSe

101 12-9?-1
1344-48-5
20s{11-83-6

"Chemical Abstract Service Registry lrlumberbilot registered by the Chernical nAstra* Service
'Certain inorganic mercury complexes may be present 1n bath the organic and inorganic s:tractable
kaclions
\his represents a rnercury-rnetaf arnalgam

3958 6th Ave NW ' Seattle, WA 98107 . T: 206-632-6206 . F: 206-632-6A17 . www.brooksrand.com . brl@brooksrand.com
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Comporison

The S-step procedure is usuolly viewed os being more obviously opplicoble to environmentol somples. The
extroctonts used include regulor woter ond q weok ocid, which con be more opplicoble to bioovoilobility
work. Method 3200 requires somple sonicotion, heoting of the exirocts, ond the use of more complex reogenrs.

Method 3200 method detection limits (MDLs) ore oll equol or lower thon the MDLs ochieved with the S-step
procedure. Method 3200 moy be more selective for orgonic Hg compounds in the Extroctoble Orgonic
Mercury phose thon the F3 extroct of the S-step procedure. The Extroctoble Inorgonic Mercury phose of
Method 3200 combines the first two steps of the S-step procedure.

Brooks Rond Lobs prices for these two tests ore equivolent if oll extroctions/steps ore requested.

3958 6thAve NW' Seattle, WA 98107 . T:206-632-6206 . F:206-632'6017 . www.brooksrand.com . brl@brooksrand.com
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Five-Step Selective Sequential Extraction procedure (SEp) to euantify
Mercury Fractions in Sediments, Soils and Mine Tailings

SCOPE AND APPLICATION

SOP-0013 is a performance-based procedure followed at Brooks Rand LLC to determine
the mercury levels in sediments by using a five-step selective sequential extraction
procedure.

SUMMARY OF METHOD

2'I The ability to generate data for the total level of metals in sediments is well known
and can be achieved by a variety of different technologies. While this can be useful in a
broad sense it is often more important to gain an understanding of either the individual
species present or the mobility of the material present in the matrix. This SOp will deal
with the use of a five-step extraction procedure to determine the mercury level in
sediments.

2.2 Mercury is extracted from a accurately weighed sediment sample into five different
solutions, these can be broadly linked to types of mercury compounds. The extractants
used are: deionized water, a synthetic "stomach acid",lM potassium hydroxide solution,
12M nitric acid and aqua regia. After extraction, samples are analyzed by EpA Method
1631 (Brooks Rand SOP #BR-0006).

2.3 Mercury species in each fraction has been demonstrated (see references) to
selectively extract the following mercury compounds and/or species.

All Brooks Rand Labs (BRL) SoPs are Proprietary Information and ptot""Ga-fwn state law.
Proprietary Information shall be kept in the strictest confidence & shall ttoi b" used or

appropriated to benefit an without prior written consent from BRL.

1.0

2.0

3.0

Fraction Description lxtractant ical

FI water soluble DI water 12

F2 rueak acid soluble/"stomach acid" rH 2 HCI/HOAc
F3 organo complexed IM KOH Hg-humics

Hg2Cl2

F4 ;trong complexed l2M HNO3 lattice

12

F5 mineral bound/cinnabar tqua regia gS

INTERFERENCES
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9.0 QUALTTY CONTROL

Table 1. Method Quality Assurance Criteria and Frequency.

QC Sample Measure
Minimum
Frequencv Criteria Corrective Action

Bubbler Blank
Contamination
from bubblers

I per bubbler
used prior to

analvsis

each < 40 pg
avga20pg
std <7.5 ps

Clean and test bubblers
until criteria met prior to

anv analvsis

Calibration
Standards

Acceptability of
the Calibration

Curve

Whenever > 48
hours since last
batchanalyzed
using the calib.
or OPR/QCS

fail

RSD ofresponse
factors < l5%o;

Recovery oflow
Standard

:80 - r20%

Reanalyze suspect
calibration standard. If

criteria still not met, then
remake standards and

recalibrate the instrument

Continuing
Calibration
Verifrcation

(ccv)
Accuracy

2 per batch
(one at the

beginning and
one at the end
ofeach batch)

Recovery:
77 - r23%

Correct problem and
rcanalyzeccv. If

criteria met, r eanaly ze

samples backwards until 2
consecutive results

WRPD 
=20%Independent

Calibration
Verification

OCV)

Accuracy

I per batch
immediately
following the

calibration

Recovery =
8s - tls%

Correct problem and
reanalyze ICV.

Recalibrate instrument if
necessarv.

Carryover Check
Bubbler Blank

Contamination
due to carryover

in the
bubbler/trap

On same

bubbler/kap
following any

result
exceedingYz
the carryover
threshold of
100.000 os

< 50 pg and
within + 20 pg of

avg bubbler
blank

Clean and continue to test
bubbler/trap combo until

criteria met prior to
fuither use. Samples
analyzed following a

result > Yz the carryover
threshold must be

reanalyzed,

Method Blank
Contamination
from reagents,
lab ware, etc.

3 per batch

Fl -MB<0.2
F2-MB<0.2
F3.MB<2
F4-MB<2
F5-MB<2
or High MB
< l/1Oth of
associated

samoles

Correct problem until
criteria met. All samples

associated with a
contaminated method

blank must be reanalyzed.

Quality Control
Sample (QCS)

equiv. to
CRI\'TISRM

Accuracy I per batch

Recovery:
75 - 125%

from sum of
results of 5 Hg

fractions

Correct problem prior to
continuing analysis

Method Duplicate
Precision within
a siven matrix

I per 10 client
samples

RPD S 35%

If RPD criteria not met,
then the system is not in
control. Correct problem

and,reanalyze all
associated samples.

All Brooks Rand Labs (BRL) SOPs are Proprietary Information and protected by WA state law.
Proprietary Information shall be kept in the strictest confidence & shall not be used or

appropriated to benefit any party without prior written consent from BRL.
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nf1 {nnW !trs (*ceftatelFl$fi} rF$ t1f{ KOH)

MF,* (tsN Hf*OAl rF5 {aquu 6gia}

Figure l. Extraction fingerprint showing the percent of total mercury extracted in each fraction

for l0 -.r".r.j compounds suipended in kaolin. These compounds are typically used as

reference materials iuring this analysis. The concentration of mercury (ug/g) in each

compound is as follows: HgSe, 1.02; HgAu, 0.1; Hg2C12,6.7; HgSO4, 4.70;Hg5,4.3;

m_igs,g. 6 ; Hg0, 44.2; HeO, 3 .6; HgCl2, 2. 6 ; Hg-humic, 0.05 ; cH3Hg, 0.02 ngl g.

Derived from Bloom, N.S. et al(2003).

PsareProprietaryInformationandprotectedbyWAstatelaw.
proprietary Information shall be kept in the strictest confidence & shall not be used or

iated to benefit anv parW without prior written consent from BRL'
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Mercury is often considered an environmental pollutant of interest be€use of its mtential toxic effects
on humans and the environment('l ). Mercury @ntamination €n occur through a variety of natural and
anthrcpogenic processes. The fate and transport of mercury in the environment (Figure 1 ) can vary grea|y
depending on the environmental subst€tes to which it is complexed or ils chemical speciation(2-6). Though
total mercury analysis is now @mmonplace, it is often useful to detemine the dominant form of mercury
In order to suc@ssfully remediate or better characterize
the environmental hazards of a specific site(7). In soils
and sediments, ofren only a very small portion of the total
mercury is bioavailable(2,3). Though there is no universally-
accepted method for measuring mercury labilily in the
environment, a variety of methods exist in the literature
to determine operationally-defined mercury fractions in a
sample(1-4,6,8,9). This analysis is particulariy useful for
contaminated mine wast€s that may @ntain high levels of
mercury but have low bioavailability because the mercury is
primarily in a stable form such as mercury sulfide(1-4,6,10).
A fraction refeB to a group of compounds that have similar
characteristics, such as bioavailability or environmental
mobility, but €nnot be distinguished from one another Figur€ l: Fare & TransFd of Merc!ry in rhe ENironnent

No @rtified reference materials are @mmercially available for the mercury fractionation methods. However,
ssE referen@ materials were developed by Ni@las s. Bloom, fomerly of studio Geochimica (scc), for the
purpose of method validation. These reference materials (for Hg', Hgs, and Hgclr) were made by dispersing
puE Hg compounds in kaolin clay(2). These reference malerials, along with some real world samples prepa€d
by SGC, were distributed to eight labs who participated in a round robin study in 2005 to validate different
analyti€l methods for the speciation of mercury in solid samples. The results were presented by Bl@m at
lhe lntemational conlerence on Mercury as a Global Pollutantin Madison, wis@nsin, in 2006. Though these
reference materials are not ofticially certified for any analyte, SGC provided expected con@ntrations for each
fraction of the SSE procedur€, as well as for total mercury. National Institute ot Standards and Technology
(NIST) Standard Reference Material 271 0 is Montana Soi/ that has a total mercury mncentration of 32.6 mg/kg.

Nlsr 2710 and the scc reference materials (H90, Hgs, and Hgclr) were prepared by EpA Method 3200 and by
the s-Steo SSE.

Figure 4 shows the result of each fraction of the ssE pro@dure as a percentage of the sum of the mercury
f€ctions. The sum of all fractions then shows the recovery of the reference material as a percentage of the
certified or reference value.

Figure 5 shows the result of each fraction of the Method 3200 procedure as a percentage of the sum of the
mercury fractions. The sum of all f€ctions then shows the recovery of the referen@ material as a percentage ol
the certified or reference value.

Figure 6 shows the percent of each reftrence malerial
that would be considered bioavailable by each method.
For the SSE, fractions 1-3 were summed. For Method
3200, the Extractable Inorganic and Extractable Organic
fractions were summed (there was no @ntribution from
the extraciable organic mercury fraction in this €se).

Figure 7 compares the Semi-mobile fraction from
Method 3200 to Fraction 4 of the SSE. Figure 8
@mpares the Non-mobile traction from Method 3200 to
Fraction 5 of the SSE.

The semi-mobile and non-mobile fractions generally do
not compare well with fractions 4 and 5 from the SSE.
A@rding to the method, elemental mercury should
be extracled in the semi-mobile fraction, but when
the SGC refer€nce material for Hgo, a material made
by dispersing elemental mercury in kaolin clay, was
analyzed, a signifi€nt portion (49%) was extracted in
the non-mobile fraction. For the SSE procedure, 8590
of mercury in the SGC Hgo reference material was
extracted in Fraction 4, as would be expected(2,1'1 ).
Similarly, tor the SGC HgS referen@ material, only 53%
was recovered in the non-mobile fraction for Method
3200, while 76% was re@vered in Fraction 4 for SSE.
HgS is primarily expected to be recovered in the non-
mobile fraction, though there may be some more mobile
forms(1'l).

For both the SSE procedure and Method 3200
analyses, analyzing total mercury in the sample
provides an important quality assuran@ check. This
allows for a comparison of the sum of the fractions to
the total mercury concentration. In this way, sample
loss, contamination, or other errors can be assessed
if the sum of fractions is significantly different from the
total mercury @ncentrations(2). lt also allows for a
more appropriate interpretation of the data: because
the fractions are operationally-defined, having a known
concentration of a certain fraction is not very meaningful
by itsell rather it needs to be taken in the @ntext of the
sample as a whole(2,11).

tsi8ure 4: SSE Re@veries ofReteEn.e M.leri.ls

Figure 7: Semi nobilc Mercury in Refercn.e Marerids

Thermal volatilization, or themodesorption, coupled to an atomic absorption detector (TDMS) is a technique
that has been employed for the determination of mercury species. TDMS works by heating a sample at
a specific rate and temperature. As the sample is heated, the different mercury compounds are released
at different temperature ranges(6,12). As the mercury is released, it is swept into an atomic absorption
spectrophotometer and the absrbance is recorded on a chromatogram. The species of mercury is determined
by @mparing the themodesorption profile to that of a known, pure source(6,12). This technique may produce
peaks that do not fit well with any ot the known models due to the complex interactions and oxidation states of
mercury @mpounds(6). Though it is a 9@d method for determining elemental mercury and gaining information
about mercury oxidation states, thermal volatilization does not provide much infomation about meicurv mobilitv
and bioavailability(12).

x-RayAbsorption Fine structure spectroscopy (xAFs) uses high energy x-rays from a synchrotron source
to identify species based on their s€ttering pattern(5,6). while this technique @n give detailed information
about oxidation states and compound structures, it is limited in usefulness as the total mercury concentration
in a sample must be greater than 100 pg/g(4,5). Additionally, the mercury model compound database does not
include all of the possible species of mercury, potenlially resulting in the detection of unknown species(4,5). In
an independent experiment, Bl@m and christopher s. Kim compared results of the ssE pr@edure (see nexl
section) to XAFS for the referen@ materials provided by SGC (see Refelence Matenals section). The HgS and
HgSe species identified by XAFS agreed well with the fraction re@vered in Fraction 5 of the SSE proceJure(4).
However, the more soluble mercury species such as Hgo, as identified by XAFS, were recovered partially or
fully in Fraction 4 of the ssE, rather than in Fraction 2, as the ssE modet projected(4). This @utd be due to the
mercury-containing particles being encapsulated within larger particles or @uld be spectral misjdentification
from XAFS(4).

Table 'l @mpares some of the advantages and
disdvantages of the SSE pr@edure and Method
3200. They are both operationally defined procedures
that provide information on the distribution of mercury
into diferent fractions that €n helo determine
what remediation methods may be the most useful.
Depending on what the requirements are for a certain
pOect, one method may be more applicable than the
otheL

Table I

Table 2 shows the relative similarities in fractionation
between Method 3200 and the SSE pr@edure.
Fractions 1 and 2 of the SSE procedure are expected
to be roughly equivalent to the extractable inorganic
mercury portion of Method 3200. Fraclion 3 of the
SSE is equivalent to the extractable organic portion of
Method 3200 except Hgrcl, is recovered in Fraction 3
for the SSE compared to being re@vered in the semi-
mobile and non-mobile fractions for 3200. Fraction 4
of the SSE is expected to be equivalent to the semi-
mobile fraction. Fraction 5 of the SSE is expected to be
equavalenl to non-mobile for Method 3200.
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The SSE procedure was developed specifi€lly for mercury and its known unique physical and chemi€l
properties(2). It separates tolal mercury into live different fractions based on behavioral classes(2). The sum of
fractions 1-3 is @nsidered lo be total bioavailable mercury(2,3). Fractions 4 and 5 represent the semi-mobile and
non-mobile fractions respectively. The ssE sample preparation proedure consists of leaching a pre-weighed
aliquot of sediment with a series of continuously stronger
reagents (Figure 2). The supematants from each leaching
step are analyzed for total mercury @ncentration by
stannous chloride reduction, nitrogen purging onto a
gold sand trap, and themal de$rption into a cold vapor
atomic fluoresence detector following the protocol
described in EPA Method 1631 Appendix(7).

Some of the advantages of the SSE are the low detection
limits, which allow potentially @ntaminated sites to
be compared to background values. Additionally, SSE
provides the ability to determine with some confiden@
the potential@ntribution from elemental mercury(2). The
SSE method was developed by a renowned mercury
researcher and verified by a number of labs with a history
of mercury analysis but is not an accepted EpA method.

Fipre 2: Ovetucw ol5-Stcp SS! Pro.dur€

Method 3200 is an ac@pted EPA method for the
determination of mercury fractions. As with the
SSE, it is an operationally-defined procedure
and does not provide specific mercury species
infomation but rather provides infomational
values for a group of species. For Method 3200,
there is an initial preparation pr@edure that
yields a supernatant and a pellet (Figu€ 3).
The supematant then is further separated into
extractable organic and extractable inorganic
fractions. The pellet is further separated into
semi-mobile and non-mobile fraclions(11 ).
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